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     A field experiments was conducted in kharif season 2012 at Instructional Cum Research Farm 
of Assam Agricultural University, Jorhat on Inceptisols to study the effect of application of fly ash 
alone and in combination with recommended dose of fertilizers and farm yard manure on yield and 
uptake of rice, physicochemical properties and nutrient availability of the soil. The results 
indicated that the treatments which received fly ash @ 5 and 15 t ha-1 recorded a yield increase of 
23.3% and 32.4%, respectively over absolute control. The highest rice yield (34.1 t ha-1) was 
recorded in treatment 50% RDF + FYM 5 t ha-1 + FA 15 t ha-1. On the other hand, fly ash applied 
@ 5 t ha-1 in combination with RDF 50% + FYM 5 t ha-1 produced 40.1% more yield over 
absolute control.  The significant increase in the uptake indicated that fly ash could serve as a 
source of plant nutrients. Under integrated plant nutrient supply system with fly ash, its effect was 
well pronounced. The addition of fly ash resulted in significant increase in pH, EC, organic-C, 
CEC and available nutrient in the post harvest soil.  
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1 INTRODUCTION 
        The use of chemical fertilizers is the quickest and surest way of boosting crop production. 
However their cost and other constrains frequently deter farmers from using them in recommended 
quantities and in balanced proportions. As a consequences of this and other constraints there seems 
to be no option but to fully exploit potential alternative sources of plant nutrients. Complimentary 
use of plant nutrients from waste materials along with chemical fertilizers is of great importance 
for soil productivity i.e. soil structure, soil bio-activity, soil exchange capacity and water holding 
capacity [1]. 
       Fly ash, the inorganic residue from the combustion of powdered coal is a waste material 
produced in large quantity has already been recognized as a potential source for increasing the 
availability of mineral nutrients for plant growth [2], [3],[4]. Presence of essential plant nutrients 
such as N, P, K, Ca, Mg, S and micronutrients make it a source of plant nutrients [5],[ 6], [7], [8] 
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and increases yield of several crops after application. In combination with various organic manure, 
fly ash can enhance soil microbial activities, nutrient availability and plant productivity. 
[9],[10],[11]. Hence the present investigation was undertaken to explore the feasibility of using fly 
ash as component of Integrated Plant Nutrient System for sustaining soil productivity and crop 
yield. 
 
2 MATERIALS AND METHOD 
   2.1 Experimental site and treatment 
   A fly ash was collected from the dumping sites of Nagaon Paper Mill, Jagiroad, Morigaon, 
Assam. To determine the effect of the application of fly ash on rice, paddy soils were selected in 
Instructional Cum Research farm of Assam Agricultural University belonging to inceptisols. The 
initial characteristics of soil and fly ash are shown in Table 1and Table 2. 
Table 1. Initial Physical Properties of Soil and Fly Ash. 
Properties Soil Fly Ash 
Sand (%) 44.5 61.3 
Silt (%) 32.9 10.4 
Clay (%) 21.5 26.2 
Textural Class Loam Sandy clay loam 
BD (g cm-3) 1.29 0.57 
Particle density (g cm-3) 2.01 0.95 
Porosity (%) 32.0 31.0 
WHC (%) 30.5 78.2 
Volume expansion (%) 12.5 30.34 
 
Table 2. Initial Chemical Properties of Soil and Fly Ash. 
Properties Soil Fly Ash 
pH 4.48 5.3 
EC (dScm-1) 0.138 0.146 
OC (%) 0.634 1.73  
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Av- N (kg ha-1) 472.1  0.015 (%) 
Av- P2O5 (kg ha-1) 26.8   0.002 (%) 
Av- K 2O (kg ha-1) 173.9  0.005  (%) 
Av- S (ppm) 12.5 37.5 
Exch-Ca [c mol(p +)kg-1] 2.2 4.2 
Exch-Mg  [c mol(p +)kg-1] 3.8 34.8 
Exch-Na [c mol(p +)kg-1] 0.51 0.69 
Exch-K [c mol(p +)kg-1] 0.24 0.78 
DTPA – Fe (ppm) 98.5 73.9 
DTPA – Mn (ppm) 2.09 0.105 
DTPA – Zn (ppm) 1.84 0.53 
DTPA – Cu (ppm) 0.78 0.287 
Fed  (%) 0.408 0.86 
Feo   (%) 0.129 1.49 
Ald   (%) 0.340 4.86 
Alo  (%) 0.124 5.66 
Total Fe2O3 + Al2O3 (%) 1.07 12.87 
 
Experimental plots, 21 m 2 (7 m x 3 m) in size, were arranged in a split plot design and 
each treatment was carried out in triplicate. The main plot treatment included T1 : control, T2 : 
application of 100 % recommended dose of fertilizer (N : P2O5 : K2O :: 60: 20 : 40) (RDF –
Recommended Dose of Fertilizers 100 %) and T3 : application of 50 % RDF +  5 t ha-1 farm yard 
manure (FYM) (50 % RDF + FYM 5 t ha-1). The sub plot treatment included different levels of fly 
ash viz. FA0 : no fly ash, FA5 : 5 t ha-1 , FA10 : 10 t ha-1 and FA15 : 15 t ha-1. The rice cultivar 
Mahsuri was selected as test crop and twenty five days old rice seedlings were transplanted in field 
with 20 x 15 cm2 spacing. The fly ash was applied into the respective plot 15 days prior to 
transplanting.  The fertilizer and the FYM were applied one day ahead of transplanting. The crop 
was harvested on 3rd Nov., 2009 after 132 days. Data were recorded for crop yield and other 
agronomical parameters in 1 m2 area from three random spots of each plot. 
2.2 Chemical analysis 
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      Composite soil samples were collected from the Ap horizons (0-15 cm depth) before and after 
the experiment and air-dried for chemical analysis. The chemical properties of the sieved soils (<2 
mm) were determined as follows: pH (1: 2.5 soil : water  ratio) and (1:5 fly ash : water ratio); 
organic carbon [12]; soil texture (International pipette method); CEC [13]; Ca2+, Mg2+ Na+, K+ 
(Neutral N NH4OAc extraction) [14]; available N (Alkaline Potassium Permanganate , KMnO4) 
method [15]; available P2O5 -Bray’s 1 method [16]; available K2O-Ammonium Acetate extraction 
[13]; available S (Turbidimetric method in monocalcium phosphate extract [17]; Fe, Mn, Cu and 
Zn (DTPA extraction); Free oxides of iron and aluminium were extracted by sodium-dithionite-
citrate-bicarbonate buffer solution [18]. The extract was analysed for its Fe content by 0.20% 
orthophenanthroline method [19]and aluminum content by aluminum method [20]. 
         The rice plants were oven-dried at 70o C for 72 hrs, ground and then digested using H2SO4 
for the determination of total N. A ternary solution (HNO3: H2SO4:HClO4, 10:1:4 
volume/volume) was used for the determination of total P, K, Fe, Mn, Cu, Zn  
Statistical analysis 
  Statistical analysis of experimental data was done by CoStat Professional, Version 
6.311, Copyright © 1998-2005 CoHort Software. CoHort Software, 798 Lighthouse Ave, PMB 
320, Monterey, CA 93940, USA. 
3 RESULTS AND DISCUSSION 
3.1 Grain and Straw yield 
                The results on yield showed that both grain and straw yield of rice (var. Mahsuri) 
increased significantly over control with RDF 100%  and 50% RDF + FYM 5 t ha-1. The highest 
grain and straw yield was recorded (29.2 q ha-1 and 51.0 qha-1, respectively) under the treatment 
50% RDF + FYM 5 t ha-1  which might be due to favorable soil condition created by application of 
organic matter along with chemical fertilizers. On the other hand, subsequent increase in doses of 
fly ash also increased grain yield significantly over control. Similar observation was reported by 
Selvakumari [21], Yelendhalli et al. [22]. The highest grain yield of 30.32  q ha-1 was recorded 
with application of fly ash @ 15 t ha-1. It is noteworthy to observe that application of fly ash 
increased grain yield by 23.3% with 5 t ha-1 to 32.4% with 15 t ha-1 of fly ash over control. Kumar 
et al. [23] and Arivazhagan et al. [24] also recorded an increase in yield of maize from 36-40%, 
red gram from 55-58%, mustard from 28-32% and potato from 25-37% over control due to 
application of fly ash @ 50 t ha-1. On the other hand fly ash applied @ 5 t ha-1 in combination with 
RDF 50% + FYM 5 t ha-1 produced 40.1% more yield over absolute control. Similarly, the 
interaction affect of fly ash and fertilizer level was also found to be statistically significant (Table 
3 and 4). Bhople et al. [25] also observed that application of fly ash at increasing level in 
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combination with recommended dose of N P K increased the grain and straw yield of paddy. In 
general, integration of fly ash with inorganic fertilizer and FYM produced considerably higher 
grain and straw yield than all other treatment combination. Similar observation was reported by 
Yelendhalli et al. [22] and Reddy et al. [26]. Selvakumari et al. [21] also reported highest yield in 
rice when fly ash was applied in combination with compost, fertilizer and Azospirillum. The 
supply of nutrients, conducive physical environment leading to better aeration, increase in soil 
moisture holding capacity, root activity and nutrient absorption and the consequent complementary 
effect in fly ash and FYM treated plots would have resulted in higher straw and grain yield of rice. 
Matte and Kene [27]; Selvakumari et al. [21] and Yelendhalli at al. [22] reported similar increase 
in yield due to addition of fly ash in several crops.  
Table 3. Effect of Fly Ash, FYM and Inorganic Fertilizer on Grain Yield of rice (q ha-1) var. 
Mahsuri. 
Treatments Control RDF 100% RDF 50% + 
FYM 5 t ha-1 
Mean 
FA0 18.37 21.83 21.27 20.49d 
FA 5 t ha-1 22.20 27.23 30.68 26.70c 
FA 10 t ha-1 23.37 29.07 31.07 27.72b 
FA 15 t ha-1 25.33 31.53 34.10 30.32a 
Mean 22.32b 27.42a 29.28a  
LSD (5%)         
RDF 1.81 
FA 0.91 
RDF x FA 0.75 
CV% 6.5 
 
Table 4. Effect of Fly Ash, FYM and Inorganic Fertilizer on Straw Yield of rice (q ha-1) var. 
Mahsuri. 
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Treatments Control RDF 100% RDF 50% + FYM 
5 t ha-1 
Mean 
FA0 33.66 41.04 37.61 37.44d 
FA 5 t ha-1 37.8 47.22 51.47 45.50c 
FA 10 t ha-1 42.65 51.87 54.77 49.76b 
FA 15 t ha-1 48.9 54.87 60.23 54.67a 
Mean 40.75c 48.75b 51.02a  
LSD (5%)  
RDF 0.98 
FA 1.74 
RDF x FA 1.43 
CV% 5.9 
 
3.2 Nutrient uptake 
          The effect of RDF and fly ash on uptake of N, P, K and micronutrients (Fe, Mn, Cu and Zn) 
showed that, their uptake in straw and grain increased significantly over control with 100% RDF 
and RDF 50% + FYM 5 t ha-1 (Table 5 and 6). Addition of chemical fertilizer alone or in 
combination with FYM resulted in higher available nutrient contents in soil and subsequent uptake 
of them in increased amount. Similarly it has been seen that uptake of available macro and micro 
nutrients increased significantly with increasing doses of fly ash (Table 5 and 7). The interaction 
effect of fertilizer, FYM and fly ash was also statistically significant on uptake of available 
nutrients. The highest total uptake of N, P, K and Fe, Mn, Zn, Cu (119.22, 73.84 and 209.69 kg ha-1 
and 3574.9, 1354.3, 180.2 and 104.9 g ha-1, respectively) were recorded in treatment RDF 50% + 
FYM 5 t ha-1 + FA 15 t ha-1  and the lowest being 49.01, 27.83 and 53.87 kg ha-1 and 546.0, 397.3, 
53.1 and 23.1 g ha-1, respectively, in control (Table 7 and 8). The probable root growth, supply of 
nutrient and conducive physical environment created on account of addition of fly ash in 
combination with FYM to the soil would have facilitated better absorption of N, P and K. Lanjewar 
[28], Warambhe et al. [29] and Selvakumari et al. [21] also observed increased uptake of N, P and 
K by rice plant due to the application of fly ash.  
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Table 5. Effect of Fly Ash, FYM and Inorganic Fertilizers on uptake of  N, P & K (kg ha-1) by rice.  
Treatments N P K 
 Straw Grain Total Straw Grain Total Straw Grain Total 
 Recommended Dose of Fertilizers 
Control 35.31 29.27 64.58 13.53 22.80 36.33 50.41 25.63 76.01 
RDF 100% 46.25 43.76 90.00 19.11 30.14 49.25 72.66 35.00 107.66 
RDF 50% + 
FYM 5 t ha-
1 52.29 47.93 100.22 23.27 34.00 57.26 117.60 36.92 154.59 
 Fly ash (t ha-1) 
FA0 34.98 32.34 67.32 11.85 22.09 33.94 54.75 21.99 76.70 
FA 5 44.09 40.41 84.50 19.36 28.12 47.48 72.41 28.20 100.61 
FA 10 49.08 42.23 91.31 20.54 30.49 51.04 89.50 35.51 125.01 
FA 15 50.31 46.29 96.60 22.78 35.21 57.99 104.24 44.35 148.70 
LSD (5%)  
RDF 1.48 2.06 3.19 1.89 1.25 2.65 1.48 2.06 3.190 
FA 3.99 1.31 4.26 3.07 1.26 2.89 3.99 1.31 4.26 
RDF x FA 1.39 1.95 3.01 1.79 1.18 2.50 1.39 1.95 3.01 
CV% 3.81 5.95 4.35 8.26 4.99 6.20 3.81 5.95 4.35 
 
Table  6. Interaction effect of Fly Ash, FYM and Inorganic Fertilizers on Uptake of N, P & K (kg 
ha-1) by Rice . 
Treatments 
N P K 
Straw Grain Total Straw Grain Total Straw Grain Total 
Absolute Control 27.82 21.20 49.01 9.19 18.64 27.83 38.82 15.15 53.87 
RDF 100% + FA0 38.52 36.09 74.61 13.43 25.45 38.88 50.21 27.41 77.62 
RDF 50% + FYM 5 t ha-1 + 
FA0 38.59 39.74 78.33 12.94 22.17 35.11 75.22 23.40 98.62 
FA 5 t ha-1 32.83 26.72 59.55 13.95 20.46 34.41 44.35 20.37 64.72 
RDF 100% + FA5 t ha-1 47.66 45.03 92.69 22.33 27.02 49.35 57.92 29.90 87.83 
RDF 50% + FYM 5 t ha-1 + 51.79 49.48 101.26 21.81 36.88 58.69 114.95 34.32 149.27 
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FA 5 t ha-1 
FA 10 t ha-1 38.93 33.26 72.19 14.99 24.23 39.22 53.27 28.75 82.02 
RDF 100% + FA10 t ha-1 51.49 48.19 99.67 20.02 32.47 52.48 94.73 37.49 132.22 
RDF 50% + FYM 5 t ha-1 + 
FA 10 t ha-1 56.82 45.25 102.07 26.62 34.78 61.41 120.49 40.29 160.79 
FA 15 t ha-1 41.66 35.89 77.56 15.98 27.86 43.84 65.20 38.23 103.43 
RDF 100% + FA15 t ha-1 47.31 45.71 93.02 20.67 35.63 56.30 87.79 45.18 132.98 
RDF 50% + FYM 5 t ha-1 + 
FA15 t ha-1 61.96 57.26 119.22 31.69 42.15 73.84 159.73 49.65 209.69 
Mean 44.61 39.99 84.93 18.63 28.98 47.61 80.22 32.51 112.74 
LSD 0.05          
RDF 1.48 2.06 3.19 1.89 1.25 2.65 1.48 2.06 3.190 
FA 3.99 1.31 4.26 3.07 1.26 2.89 3.99 1.31 4.26 
FA x RDF 1.39 1.95 3.01 1.79 1.18 2.50 1.39 1.95 3.01 
CV% 3.81 5.95 4.35 8.26 4.99 6.20 3.81 5.95 4.35 
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LSD 
(5%)  
RDF 56.0 82.0 116.0 22.0 11.0 25.0 4.0 1.0 5.0 2.0 0.9 2.0 
FA 77.0 83.0 128.0 35.0 13.0 42.0 5.0 1.0 5.0 2.0 0.9 2.0 
RDF x 
FA 53.0 78.0 110.0 21.0 10.0 24.0 4.0 0.9 4.0 2.0 0.8 2.0 
CV% 6.3 7.9 7.4 5.8 4.6 4.0 6.0 8.3 5.4 4.5 8.1 4.5 
 
Table 8. Interaction effect of Fly Ash, FYM and Inorganic Fertilizers on Uptake (g ha-1) of Fe, Mn, 
Zn, Cu by Rice. 
Treatments 
Fe Mn Zn Cu 
Straw Grain Total Straw Grain Total Straw Grain Total Straw Grain Total 
Absolute 
Control 
404.4 141.6 546.0 247.7 149.6 397.3 49.4 3.7 53.1 16.9 6.3 23.1 
RDF 100% + 
FA0 
478.4 176.7 655.0 314.2 239.7 553.9 72.5 9.7 82.2 20.5 6.7 27.3 
RDF 50% + 
FYM 5 t ha-1 
+ FA0 
502.2 318.9 821.1 338.4 173.3 511.7 52.6 15.2 67.8 26.3 6.5 32.8 
FA 5 t ha-1 628.9 238.1 867.0 302.4 203.1 505.5 54.2 6.3 60.5 22.7 4.9 27.5 
RDF 100% + 
FA5 t ha-1 
993.9 847.0 1840.9 424.8 262.3 687.1 89.7 13.1 102.8 29.9 10.5 40.3 
RDF 50% + 
FYM 5 t ha-1 
+ FA 5       t 
ha-1 
1183.7 1115.6 2299.3 514.7 302.7 817.4 104.7 17.6 122.3 46.3 11.7 58.1 
FA 10 t ha-1 840.0 280.5 1120.5 323.3 217.7 541.0 67.2 10.2 77.4 29.4 7.3 36.7 
RDF 100% + 
FA10 t ha-1 
1155.7 1079.2 2234.9 473.7 312.4 786.1 94.9 11.4 106.3 47.4 7.6 55.0 
RDF 50% + 
FYM 5 t ha-1 
+ FA 10    t 
ha-1 
1478.7 1283.6 2762.3 583.6 330.7 914.3 116.8 24.1 140.9 54.8 15.0 69.8 
FA 15 t ha-1 1385.1 460.1 1845.2 440.1 247.5 687.6 83.1 9.2 92.3 39.1 7.1 46.2 
RDF 100% + 
FA 15 t ha-1 
1590.8 1536.6 3127.4 621.5 315.7 937.2 106.0 11.2 117.3 71.3 15.3 86.6 
RDF 50% + 
FYM 5 t ha-1 
+ FA 15      t 
ha-1 
1797.3 1777.6 3574.9 758.5 595.8 1354.3 143.8 36.4 180.2 77.9 27.0 104.9 
Mean 1026.6 781.3 1807.9 445.2 279.2 724.5 86.2 14.0 100.2 40.2 10.5 50.7 
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LSD 0.05             
RDF 56.0 82.0 116.0 22.0 11.0 25.0 4.0 1.0 5.0 2.0 0.9 2.0 
FA 77.0 83.0 128.0 35.0 13.0 42.0 5.0 1.0 5.0 2.0 0.9 2.0 
FA x RDF 53.0 78.0 110.0 21.0 10.0 24.0 4.0 0.9 4.0 2.0 0.8 2.0 
CV% 6.3 7.9 7.4 5.8 4.6 4.0 6.0 8.3 5.4 4.5 8.1 4.5 
 
3.3 Physicochemical properties of soil 
                       There was a significant increased in soil pH from its initial value of 5.38 to a 
maximum of 6.01 in the post harvest soils due to addition of fly ash (Table 10), while pH observed 
with 5 and 10 tones of fly ash was at par (Table 9). The interaction effect was also found to be 
statistically significant. The CaO of the fly ash might have interacted with water in the presence of 
CO2 and produced hydroxyl and other ionic forms in the soil solution and the carbonates are 
precipitates [30],[21]. These reactions and the presence of Na, would explain the high pH value 
[31],[21]. Pitchel and Hayer [32] also reported increase in pH with the addition of fly ash. It was 
also reported that uptake of Si by rice would tend to raise the soil pH [32].   
Table 9.  Effect of Fly Ash, FYM and Inorganic Fertilizers on Soil properties. 





















Recommended Dose of Fertilizers 
Control 5.55 0.14 0.90 7.38 0.57 0.48 0.29 0.28 1.62 
RDF100% 5.80 0.17 0.78 7.25 0.56 0.49 0.33 0.31 1.68 
RDF 50% + FYM  5 t ha-1 5.84 0.15 0.82 6.78 0.46 0.42 0.45 0.42 1.75 
Fly Ash (t ha-1) 
FA0 5.73 0.12 0.63 7.00 0.35 0.27 0.14 0.15 0.9 
FA5 5.60 0.15 0.77 7.07 0.46 0.4 0.26 0.22 1.34 
FA10 5.67 0.16 0.91 7.20 0.55 0.51 0.45 0.42 1.92 
FA15 5.91 0.18 1.01 7.27 0.75 0.69 0.57 0.56 2.57 
LSD 5%  
RDF 0.13 0.02 0.08 0.58 0.06 0.01 0.04 0.04 0.07 
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FA 0.21 0.03 0.11 0.26 0.08 0.05 0.04 0.03 0.05 
RDF x FA 0.26 NS 0.12 0.91 NS NS 0.09 0.07 0.18 
CV% 3.6 5.1 5.6 3.7 6.51 5.64 5.09 3.24 2.88 
 















+ Al2O3 (%) (dS cm
-
1) 
{ cmol (p+) 
kg-1} 
Absolute control 5.38 0.12 0.5 6.6 0.398 0.31 0.109 0.104 0.921 
RDF 100% + FA0 5.9 0.11 0.69 7.3 0.381 0.293 0.092 0.095 0.861 
RDF 50% + FYM  
5 t ha-1 + FA0 
5.92 0.13 0.7 6.7 0.281 0.193 0.212 0.245 0.931 
FA  5 t ha-1 5.46 0.14 0.88 7.2 0.501 0.413 0.222 0.215 1.351 
RDF  100% + FA 
5 t ha-1 
5.49 0.15 0.64 7.2 0.491 0.403 0.202 0.205 1.301 
RDF  50 % + 
FYM  5 t ha-1 + 
FA 5 t ha-1 
5.86 0.15 0.79 7 0.393 0.382 0.342 0.245 1.362 
FA 10 t ha-1 5.59 0.12 0.98 7.5 0.581 0.493 0.292 0.295 1.661 
RDF 100% + FA 
10 t ha-1  
5.78 0.2 0.84 7.4 0.563 0.552 0.512 0.415 2.042 
RDF 50% + FYM 
5 t ha-1 + FA 10 t 
ha-1 
5.64 0.15 0.91 7.01 0.496 0.483 0.542 0.545 2.066 
FA 15 t ha-1 5.78 0.17 1.24 7.6 0.801 0.713 0.522 0.515 2.551 
RDF 100% + FA 
15 t ha-1 
6.01 0.21 0.94 7.3 0.791 0.703 0.502 0.505 2.501 
RDF 50% + FYM 
5 t ha-1+ FA 15 t 
ha-1 
5.93 0.16 0.86 6.8 0.663 0.639 0.692 0.658 2.652 
LSD (5%)  
IJOART
International Journal of Advancements in Research & Technology, Volume 2, Issue 11, November-2013                                     201 
ISSN 2278-7763  
Copyright © 2013 SciResPub.                                                                                 IJOART 
RDF 0.13 0.02 0.08 0.58 0.06 0.01 0.04 0.04 0.07 
FA 0.21 0.03 0.11 0.26 0.08 0.05 0.04 0.03 0.05 
RDF x FA 0.26 NS 0.12 0.91 NS NS 0.09 0.07 0.18 
CV% 3.6 5.1 5.6 3.7 6.51 5.64 5.09 3.24 2.88 
 
  The addition of graded dose of fly ash gradually increased EC values of the soils 
(Table 9). But no significant difference was observed in EC between FA 5 and FA 10. Increasing 
EC value of soil is due to addition of fly ash may be attributed to the fact that the soluble salts 
from fly ash might have dissolved in soil moisture and there by increased the ionic concentration 
of the soil solution [21]. 
  The organic carbon status of soil was found to be improved significantly with 
addition of FYM over control, as FYM contains considerable amount of organic matter (Table 9 
and 10). .Organic-C increased significantly with every subsequent increase in doses of fly ash over 
control. It has been seen that soil organic carbon tended to increase significantly when fly ash was 
applied alone in comparison to fly ash integrated with RDF and FYM (Table 10). This might be 
due to faster oxidation (decomposition) of fly ash under the influence of chemical fertilizer and 
FYM [33], which have resulted in accumulation of lower amount of organic matter in contrast to 
the former. 
             The DCB-extractable Fe and Al (Fed and Ald) in soil was found to be significantly 
decreased with RDF 50% + FYM 5 t ha-1 over control, while oxalate extractable Fe and Al (Feo 
and Alo) was affected just reversed. Total Fe2O3 + Al2O3 followed similar trend of oxalate Fe and 
Al. on the other hand all these forms of Fe and Al increased significantly at 5 % level of 
significance with every increment of fly ash.  
3.4 Available nutrients 
  In soil, apart from mineral nitrogen, a major portion of soil nitrogen exist in 
combination with the organic matter. Only a negligible fraction of soil-N, which is inorganic in 
form is available to plant. Therefore, organic-N mineralized to inorganic form is then available to 
plants [34]. The treatment consisting of RDF 50% + FYM 5 t ha-1 + FA 5 t ha-1 recorded 
significantly the higher available nitrogen (700.0 kg ha-1) while absolute control showed the lowest 
(420.0 kg ha-1) (Table 12). Bhoyar [35] reported that application of fly ash @ 15 t ha-1 in 
combination with NPK to black soil had resulted in significant improvement in the content of 
available nitrogen, phosphorus and potassium. Addition of fly ash at graded levels produced 
marked variation in available nitrogen content in soil (Table 11). Considerable amount of total N 
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in fly ash might have been sufficient enough to cause distinct increase in the level of available N in 
the post harvest soil. Rani and Kalpana [36] also reported that application of fly ash to soil 
increased the nutrient availability such as nitrogen, phosphorus, and other micronutrients. 
Table11. Effect of Fly Ash, FYM and Inorganic Fertilizers on available nutrients in soil after 
harvesting of rice. 
Treatments 
Available Nutrients (kg ha-1) DTPA (mg kg-1) 
N P2O5 K 2O S 
(ppm) 
Fe Mn Zn Cu 
Recommended Dose of Fertilizers 
Control 483.25 39.90 197.65 22.90 132.59 7.76 2.80 2.43 
RDF 100% 638.08 45.85 208.38 26.13 157.37 8.58 4.38 3.09 
RDF 50% + FYM 5 t 
ha-1 591.5 49.23 220.25 25.10 162.82 10.13 6.16 10.25 
Fly ash (t ha-1) 
FA0 518.67 26.90 164.37 16.47 127.81 7.81 3.27 3.81 
FA 5 613.1 44.40 186.97 20.43 152.44 8.70 4.10 4.41 
FA 10 586.57 49.47 223.67 25.70 159.03 9.37 5.18 5.05 
FA 15 565.43 59.20 260.03 36.23 164.41 9.40 5.22 7.75 
LSD (5%) 
RDF 34.4 2.15 3.85 0.99 9.95 0.779 0.493 0.276 
FA 36.85 2.38 5.91 1.07 10.96 0.451 0.398 0.300 
RDF x FA 26.67 2.24 3.33 1.68 9.036 0.372 0.328 0.248 
CV% 5.7 4.5 1.73 3.77 7.33 5.16 9.05 5.77 
Table12. Interaction effect of Fly Ash, FYM and Inorganic Fertilizers on available nutrients in soil 
after harvesting of rice. 
Treatment Available Nutrients (kg ha-1) DTPA micronutrients                
(mg kg-1) 
N P2O5 K 2O S 
(ppm) 
Fe Mn Zn Cu 
Absolute control 420.0 25.0 157.6 16.4 128.98 7.00 2.48 2.36 
RDF 100% + FA0 623.0 27.9 167.1 16.6 127.56 7.66 3.32 2.75 
RDF 50% + FYM  5 t ha-1 
+ FA0 
513.0 27.8 168.4 16.4 126.90 8.78 4.01 6.31 
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FA  5 t ha-1 533.0 36.8 167.1 19.1 145.78 8.18 3.23 2.42 
RDF  100% + FA 5 t ha-1 606.3 47.0 175.7 21.8 145.61 8.54 3.52 4.63 
RDF  50 % + FYM  5 t ha-1 
+ FA 5 t ha-1 
700.0 49.4 218.1 20.4 165.94 9.38 5.55 6.19 
FAS 10 t ha-1 513.3 43.7 217.5 22.7 109.61 7.31 3.19 2.61 
RDF 100% + FA 10 t ha-1 699.7 49.4 225.7 27.9 178.47 8.66 5.46 1.22 
RDF 50% + FYM 5 t ha-1 + 
FA 10 t ha-1 
546.7 55.3 227.8 26.5 189.02 12.15 6.89 11.31 
FA 15 t ha-1 466.7 54.1 248.4 33.4 145.99 8.55 2.29 2.34 
RDF 100% + FA 15 t ha-1 623.3 59.1 265.0 38.2 177.82 9.44 5.20 3.74 
RDF 50% + FYM 5 t ha-1 + 
FA 15 t ha-1 
606.3 64.4 266.7 37.1 169.43 10.21 8.18 17.18 
Mean 571.0 45.0 208.8 24.7 150.92 8.82 4.44 5.25 
LSD (5%)         
RDF 34.40 2.15 3.85 0.99 9.95 0.779 0.493 0.276 
FA 36.85 2.38 5.91 1.07 10.96 0.451 0.398 0.300 
RDF x FA 26.67 2.24 3.33 1.68 9.036 0.372 0.328 0.248 
CV (%) 5.70 4.50 1.73 3.77 7.33 5.16 9.05 5.77 
  Data on available phosphorus (Table 11) indicated that the doses of fly ash @ 5 t 
ha-1, 10 t ha-1 and 15 t ha-1 increased available P content of soil significantly and the highest value 
was recorded in treatment RDF 50% + FYM 5 t ha-1 + FA 15 t ha-1 (Table 12). The available P 
content of the soils increased with an increase in the quantity of fly ash added due to the high 
content of available P in the fly ash. The fly ash used in this experiment contained about 45.8 mg 
kg-1 of available P2O5  (Table 2) and around 229, 458 and 687 kg ha-1 of available P2O5 were 
supplied by the application of 5, 10 and 15 t ha-1 fly ash, respectively. Similar trend of increase in 
P2O5 content due to application of graded doses of fly ash was also observed by Lee et al. [10]. 
The favourable effect of fly ash on P availability was ascribed to its effect on biotic activity and 
the P release via biotic activity. The Si which is present in fly ash would also have played a major 
role in releasing the P to available pool from the insoluble sources in fly ash as well as soil. Matte 
and Kene [27] reported similar increase in available P content of soil. Koter et al. [37] also 
observed increase in available P status and they attributed it to the P content of fly ash. 
  The data in Table 11 revealed that K2O increased significantly over control in the 
treatment consisting of RDF 50% + FYM 5 t ha-1 blended with various doses of fly ash. The 
highest significant increase was observed in the treatment  RDF 50% + FYM 5 t ha-1 + FA 15 t ha-1 
(266.7 kg ha-1) (Table 12). Similar trend of increase in available K content of soil was reported by 
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Kuchanwar et al. [38] and Bhople et al. [25]. Positive effect of fly ash addition on potash content 
of soil was also reported by Warambhe et al. [29]. 
  The available S content in post harvest soil was found to be increased in 100% RDF 
irrespective of doses of fly ash and effect was found to be statistically significant (Table 11). 
Significant increase in available S was also noticed due to the addition of FYM. The presence of 
appreciable amount of Ca, Mg and S in the fly ash might be the reason for their increased 
availability in post harvest soil. Kuchanvar et al. [38] and Gangloff et al. [39] also reported 
enhanced availability of secondary nutrients by the addition of fly ash.  
  The DTPA extractable micronutrients (Fe, Mn, Zn, Cu) were significantly increased 
with application of RDF 100% and RDF 50% + FYM 5 t ha-1  over control. On the other hand, all 
the DTPA micronutrients increased significantly and consistently with increasing doses of fly ash 
(Table 11). Rani and Kalpana [36] reported build up of micronutrient cations in soil due to 
application of fly ash. The interaction affect of RDF and fly ash was also found to be statistically 
significant (Table 12). Fly ash contains considerable amount of Fe, Mn, Cu and Zn which might 
have increased the DTPA micronutrients in post harvest soils.     
         4 CONCLUSION 
       The result generated from the study showed that fly ash could be a source of plant nutrient and 
it could be used in any agricultural soil for production of crop. Fly ash integrated with 
recommended fertilizers and FYM imprinted significant positive effect on availability nutrient in 
soil, its uptake and crop yield. Keeping in mind the acceptability and ease of application, the 
treatment consisting of 50% RDF + FYM 5 t ha-1 + FA 5 t ha-1 was revealed to be the best 
treatment with respect to availability and uptake of nutrients as well as yield of rice. 
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